ECP400, ECS400 or ECX400P (100 MHz) with complete proton decoupling. Chemical shifts are reported in ppm from the internal reference (CDCl3: δ= 77.00 ppm). Mass spectra were obtained on JEOL JMS-T100GCv mass spectrometer.
Compounds 1a-1f, 1k were synthesized in our previous paper. 1 Sulfonamides TsNH t Bu 2 , TsNH(CHPh2) 3 are known compounds.
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Experimental Details
Synthesis of Starting Materials
General Procedure A:
To a mixture of 1,10-phenanthroline (216 mg, 1.2 mmol), CuSO4·5H2O (150 mg, 0.6 mmol), K3PO4 (1.26 g, 6 mmol) and sulfonamide (3 mmol) in toluene (15 mL) was added bromoalkyne (3 mmol) at room temperature. The mixture was heated at 110 °C with stirring. After 23-56 h (TLC analysis was performed to check the consumption of starting material), the mixture was cooled to room temperature, filtered through a pad of Celite, and concentrated. The crude product was purified by flash column chromatography on silica gel.
1g
By following the general procedure A, the corresponding bromoalkyne 2 (2.38 g, 11 mmol) was transformed into ynamide 1g (880 mg, 2.5 mmol) in 23% yield. 1 A Schlenk flask equipped with a rubber septum and a stirring bar was charged with Ni(acac)2 (5.1 mg, 0.02 mmol), MgBr2 (110 mg, 0.6 mmol) under nitrogen atmosphere. Into the flask cooled down to 0 ˚C were added a solution of ynamide 1 (0.2 mmol) in NMP (2 mL) and COD (24 μL, 0.2 mmol) by use of syringes. To the reaction vessel degassed by freeze-pump-thaw cycle was introduced CO2 which was supplied from a balloon. To the mixture was added ZnEt2 (1M toluene solution, 0.6 mL, 0.6 mmol) at the same temperature. Then, the reaction mixture was heated at 50 ˚C for 1 h. After the disappearance of the starting material was confirmed by TLC analysis, the solution was cooled with ice bath and was quenched with 3M HCl aq. Separated aqueous layer was extracted with ether and the combined organic layer was washed with water and brine. The solution desiccated by Na2SO4 was concentrated and then, dissolved in methanol/ether (1:4). To the solution was added TMSCHN2 along with careful monitoring By following the general procedure B, the hydrocarboxylation of ynamide 1b (37.9 mg, 0.2 mmol) delivered 24.4 mg of compound 2b (49%). The spectrum data matched to that of our previous report.
By following the general procedure B, the hydrocarboxylation of ynamide 1c (33.4 mg, 0.2 mmol) delivered compound 2c ( 1 H NMR yield 28%). The spectrum data matched to that of our previous report.
By following the general procedure B, the hydrocarboxylation of ynamide 1d (36.7 mg, 0.2 mmol) delivered compound 2d ( 1 H NMR yield 42%). The spectrum data matched to that of our previous report.
By following the general procedure B, the hydrocarboxylation of ynamide 1e (56.9 mg, 0.2 mmol) delivered 51.8 mg of compound 2e (65%). The spectrum data matched to that of our previous report. 
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By following the general procedure B, the hydrocarboxylation of ynamide 1f (66.7 mg, 0.2 mmol) delivered 61.9 mg of compound 2f (79%). The spectrum data matched to that of our previous report.
By following the general procedure B, the hydrocarboxylation of ynamide 1g (83.5 mg, 0.2 mmol) delivered 29.2 mg of compound 2g (30% By following the general procedure B, the hydrocarboxylation of ynamide 1k delivered compound 2k ( 1 H NMR yield 28%). The spectrum data matched to that of our previous report.
By following the general procedure B, the hydrocarboxylation of ynamide 1l (65.5 mg, 0.2 mmol) delivered 42 mg of compound 2l (54% A flask equipped with a stirring bar was added 2i (1 mmol, 41.6 mg) and HCl solution in ether (1 M, 1 mL). The reaction mixture was stirred for 24 h and then volatiles were removed by evaporation. To the residue was added methanol (4 mL) and 10% Pd/C (11 mg). The atmosphere was replaced with hydrogen by use of a balloon and the mixture was stirred for 15 h. Evaporation and column chromatography of the crude product gave compound 4 (25.6 mg, 70% 5' (not described in Figure 2) A Schlenk flask equipped with a rubber septum and a stirring bar was charged with Ni(acac)2 (5.1 mg, 0.02 mmol), MgBr2 (110 mg, 0.6 mmol) under nitrogen atmosphere. Into the flask cooled down to 0 ˚C were added a solution of ynamide 1a (53 mg, 0.2 mmol) in NMP (2 mL), COD (24 μL, 0.2 mmol) and ZnEt2 (1M toluene solution, 0.6 mL, 0.6 mmol) by use of syringes. Then, the reaction mixture was heated at 50 ˚C for 1 h. The solution was cooled with ice bath and was quenched with 3M HCl aq. Separated aqueous layer was extracted with ether and the combined organic layer was washed with water and brine. The solution was dried over Na2SO4 and was concentrated in vacuo. 
(b)
The same procedure for 5' was conducted. The reaction mixture was quenched with DCl/Et2O solution.
The mixture was diluted with Et2O and then washed with water and brine. The combined organic layer was dried over Na2SO4 and was evaporated in vacuo. The 1 H NMR yield was estimated with the aid of 1,1,2,2,-tetrachloroethane as an internal standard. Then, the mixture was purified by column chromatography (Hexane/EA = 10:1) to afford 27.4 mg of 5 which was not pure but allowed us to calculate deuterium incorporation rate by means of 1 H NMR analysis. S11
The same procedure for 5' was applied. The reaction mixture was quenched by addition of solid I2 (310 mg, 1.2 mmol). The mixture was diluted with Et2O and then washed with water and brine. The combined organic layer was dried over Na2SO4 and was evaporated in vacuo. The 1 H NMR yield was estimated with the aid of 1,1,2,2,-tetrachloroethane as an internal standard. Then, the mixture was purified by column chromatography (Hexane/EA = 20:1) followed by preparative thin-layer chromatography (Hexane/CHCl3 = 1:1) to afford 17.8 mg of 6 (0.045 mmol, 23% 
